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A B S T R A C T

Background

Percutaneous endoscopic gastrostomy (PEG) is a surgical procedure performed to maintain nutrition in the short- or long-term. During the
procedure, a feeding tube that delivers either a liquid diet, or medication, via a clean or sterile delivery system, is placed surgically through
the anterior abdominal wall. Those undergoing PEG tube placement are often vulnerable to infection because of age, compromised nutri-
tional intake, immunosuppression, or underlying disease processes such as malignancy and diabetes mellitus. The increasing incidence
of methicillin-resistant Staphylococcus aureus (MRSA) contributes both an additional risk to the placement procedure, and to the debate
surrounding antibiotic prophylaxis for PEG tube placement. The aim of surgical antimicrobial prophylaxis is to establish a bactericidal
concentration of an antimicrobial drug in the patient's serum and tissues, via a brief course of an appropriate agent, by the time of PEG
tube placement in order to prevent any peristomal infections that might result from the procedure.

Objectives

To establish whether prophylactic use of systemic antimicrobials reduces the risk of peristomal infection in people undergoing placement
of percutaneous endoscopic gastrostomy tubes.

Search methods

In August 2013, for this third update, we searched the Cochrane Wounds Group Specialised Register; The Cochrane Central Register of
Controlled Trials (CENTRAL) (The Cochrane Library); Ovid Medline; Ovid Medline (In-Process & Other Non-Indexed Citations); Ovid Embase;
and EBSCO CINAHL.

Selection criteria

Randomised controlled trials (RCTs) evaluating the use of prophylactic antimicrobials during PEG tube placement, with no restrictions
regarding language of publication, date of publication, or publication status. Both review authors independently selected studies.

Data collection and analysis

Both review authors independently extracted data and assessed study quality. Meta-analyses were performed where appropriate.

Main results

One new trial was identified and included in this update, bringing the total to 13 eligible RCTs, with a total of 1637 patients. All trials
reported peristomal infection as an outcome. A pooled analysis of 12 trials resulted in a statistically significant reduction in the incidence of
peristomal infection with prophylactic antibiotics (1271 patients pooled: OR 0.36, 95% CI 0.26 to 0.50). The newly identified trial compared
IV antibiotics with antibiotics via PEG and could not be included in the meta-analysis.
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Authors' conclusions

Administration of systemic prophylactic antibiotics for PEG tube placement reduces peristomal infection.

P L A I N   L A N G U A G E   S U M M A R Y

Antibiotics given before the placement of a percutaneous endoscopic gastrostomy (PEG) tube with the aim of reducing infection
at the site

Percutaneous endoscopic gastrostomy (PEG) is a surgical procedure for inserting a feeding tube that goes into the stomach (through
the abdomen) of patients who cannot take food by mouth. Antibiotics are often given intravenously before this surgical procedure, as a
precaution to reduce the risk of infection at the site of operation. Thirteen research studies were included in this review, and they confirm
that those people who were given antibiotics when their PEG tube was inserted were less likely to suffer an infection at the site than those
who were not given antibiotics.
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B A C K G R O U N D

Percutaneous endoscopic gastrostomy (PEG) is an endoscopic
technique used to surgically place a feeding tube into the stomach
(Geeganage 2012). PEG tubes are used to maintain adequate nutri-
tion in the short- or long-term. PEG placement was first described
over 20 years ago (Gauderer 1980), and has since become a conve-
nient, relatively safe and simple procedure. PEG tubes can be used
to deliver a liquid diet, as well as medication, via a clean, or sterile,
delivery system.

PEG tube placement may be required when patients have:

• an altered level of consciousness;

• dysphagia (difficulty in swallowing);

• tumour(s);

• had a neurological event;

• tracheal-oesophageal fistula; or

• chronic reflux problems.

(Tham 1997) suggested that PEG tube placement was contraindi-
cated in patients with rapidly-progressing, incurable disease, and
in those who were likely to recover from their swallowing difficul-
ties quickly, for example, some stroke patients. Similarly, Skelly
2002 did not recommend PEG tube placement in patients who were
in a permanent vegetative state, and produced a decision-making
algorithm which stated that patients with anorexia-cachexia syn-
dromes should not be offered them either.

Placement of a PEG tube is usually undertaken by a doctor with the
aid of an assistant (often a nurse) - although the changing role of
the nurse may mean that nurses could undertake this procedure at
some point in the future. A choice of techniques is available. These
include pushing, or pulling, through an introducer, with the pull
through technique being the most widely used. The 'pull' technique
involves the use of an endoscope to guide placement of the tube,
which is pulled through the mouth, oesophagus, stomach and ab-
dominal wall to the outside. The 'push' technique uses an endo-
scope to illuminate and insufflate the stomach in order to guide
placement of the tube, then a trocar is pushed through the abdom-
inal wall from the outside and the PEG tube is fed into the abdom-
inal wall over a guide-wire.

Those undergoing PEG tube placement are often vulnerable to in-
fection for a variety of reasons including old age, compromised nu-
tritional intake, immunosuppression and underlying disease such
as malignancy and diabetes mellitus (Lee 2002). As the increase in
the incidence of meticillin-resistant Staphylococcus aureus (MRSA)
poses an additional risk for the procedure, there is debate con-
cerning the merits of antibiotic prophylaxis (Ogundipe 2004), and
whether MRSA naso-pharyngeal colonisation may be a predictor of
peristomal infection in PEG tube placement by means of the pull
technique (Hull 2001). Infection associated with PEG tube place-
ment accounts for many of the minor, major and fatal complica-
tions incurred by patients with PEG tubes (Calton 1992; Nicholson
2000). Superficial surgical site infections (i.e. peristomal) caused by
PEG tube placement involve skin, or subcutaneous tissue, and at

least one of the following: pus; a swab with more than 106 colony
forming units (cfu) per mm3 tissue; pain; localised swelling; redness
and heat; as diagnosed by the attending clinician (Mangram 1999).
The procedure has a mortality rate of approximately 2% (Skelly
2002).

Antimicrobial agents destroy or inhibit the multiplication of bacte-
ria, fungi, protozoa or viruses (Perry 2002). Antimicrobial prophy-
laxis for surgery comprises a very brief course of an antimicrobial
agent, often initiated intravenously just before the operation be-
gins, which may continue for a set period of time post-operatively.
Delivery of the initial dose of an antimicrobial agent ensures that
a prophylactic, bactericidal concentration of the drug is present
in the serum and tissues by the time the skin is incised (Mangram
1999).

A systematic review and meta-analysis of the effects of prophylac-
tic antibiotics for PEG tube placement was published in 2000 (Shar-
ma 2000). This review supported the use of prophylactic antibiotics
for the procedure, and, currently, both national and international
guidelines advocate the use of antibiotic prophylaxis (BSG 2001;
Rey 1998). One US study performed a cost analysis of antibiotic pro-
phylaxis for PEG tube placement, which was based on seven ran-
domised controlled trials (RCTs), and found it a cost-effective strat-
egy in the prevention of infection (Kulling 2000).

A Cochrane systematic review on the subject was originally jus-
tified, as the review by Sharma 2000 has not been updated, and
contained methodological weaknesses; specifically, it was limited
to published studies, with no attempts made to retrieve unpub-
lished work. For the updated Cochrane review (this is the third up-
date) we undertook new searches and attempted to retrieve un-
published studies as well as any newly-published studies. Before
the first update was published in 2008, another systematic review
was published that confirmed the need for prophylactic antibi-
otics (Jafri 2007), and calculated on the basis of numbers-need-
ed-to-treat that penicillin-based prophylaxis was more effective
than cephalosporin-based prophylaxis.

O B J E C T I V E S

This review seeks to establish whether prophylactic use of systemic
antimicrobial drugs reduces the risk of peristomal infection in peo-
ple undergoing the placement of tubes via percutaneous endo-
scopic gastrostomy (PEG).

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) evaluating antimicrobial pro-
phylaxis in people undergoing placement of PEG tubes.

Types of participants

Studies in people of any age, gender or diagnosis, undergoing
placement of a PEG tube (the placement of a feeding tube through
the anterior abdominal wall of the stomach using an endoscop-
ic technique). Studies in people undergoing replacement of PEG
tubes were excluded, along with those undergoing percutaneous
endoscopic jejunostomy (PEJ), or percutaneous endoscopic duo-
denostomy (PED).

Types of interventions

Studies involving antimicrobial prophylaxis compared with place-
bo or usual care; and comparisons between different antimicrobial
regimens, were eligible for inclusion.
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Types of outcome measures

Primary outcomes

Diagnosis of peristomal site infection (as defined by the study au-
thors) up to 30 days after placement of PEG tube.

Secondary outcomes

• Identification of bacteria causing infection

• Peritonitis

• Adverse effects, such as antibiotic-associated diarrhoea or ana-
phylaxis

• Mortality

• Removal of PEG tube because of infection

• Length of hospital stay

Search methods for identification of studies

Details of the search methods used in the second update are pro-
vided in Appendix 1.

Electronic searches

In August 2013, for this third update, we searched the following
databases:

• Cochrane Wounds Group Specialised Register (searched 30 Au-
gust 2013);

• The Cochrane Central Register of Controlled Trials (CENTRAL)
(The Cochrane Library 2013, Issue 7);

• Ovid MEDLINE (2011 to August Week 3 2013);

• Ovid MEDLINE (In-Process & Other Non-Indexed Citations Au-
gust 29, 2013);

• Ovid EMBASE (2011 to 2013 Week 34);

• EBSCO CINAHL (2011 to 29 August 2013)

The search strategies for Ovid MEDLINE, Ovid EMBASE and EBS-
CO CINAHL can be found in Appendix 2, Appendix 3 and Appen-
dix 4 respectively. The Ovid MEDLINE search was combined with
the Cochrane Highly Sensitive Search Strategy for identifying ran-
domised trials in MEDLINE: sensitivity- and precision-maximizing
version (2008 revision); Ovid format (Lefebvre 2011). The EMBASE
and CINAHL searches were combined with the trial filters devel-
oped by the Scottish Intercollegiate Guidelines Network (SIGN)
(SIGN 2008).

The following search strategy was used in CENTRAL and adapted as
appropriate for other databases:
#1 MeSH descriptor: [Endoscopy, Gastrointestinal] explode all trees
3527
#2 percutaneous 7013
#3 #1 and #2 53
#4 percutaneous next endoscopic next gastrostom* 167
#5 PEG next (tube* or feed*) 47
#6 peristomal near/5 endoscop* 6
#7 #3 or #4 or #5 or #6 190
#8 MeSH descriptor: [Antibiotic Prophylaxis] explode all trees 1111
#9 antimicrobial prophylaxis 864
#10 antibiotic* near/5 (prophyla* or prevent*) 3749
#11 MeSH descriptor: [Cephalosporins] explode all trees 3654
#12 MeSH descriptor: [Amoxicillin-Potassium Clavulanate Combi-
nation] explode all trees 450

#13 cefuroxine or ceftriaxone or co-amoxiclav 1210
#14 #8 or #9 or #10 or #11 or #12 or #13 7690
#15 #7 and #14 31

There were no restrictions on the basis of language of publication,
date of publication, or publication status.

Searching other resources

The bibliographies of all retrieved publications identified by these
strategies were searched for further studies. We contacted manu-
facturers of the PEG tubes and experts in the field regarding the
studies for inclusion. Conference abstracts were searched whilst
performing the electronic search.

Data collection and analysis

Selection of studies

The two review authors independently examined titles and ab-
stracts, where available, of studies identified from the search, to es-
tablish whether they met the inclusion criteria. Full-text copies of
all papers that potentially met the inclusion criteria were retrieved.
The two review authors independently assessed the full-text pa-
pers against the inclusion criteria. Disagreement regarding quality,
or the inclusion or exclusion of a study, was resolved through dis-
cussion. Both review authors assessed duplicate publications, and,
whilst data from duplicate publications were included only once,
all publications pertaining to a single study were retrieved and used
to enable full data extraction and quality assessment.

Data extraction and management

The two review authors extracted data independently using a pilot-
ed data extraction form. The data that were extracted, in addition
to those required for assessment of study validity, included the fol-
lowing.

• Country in which the study was conducted.

• Study eligibility criteria, including reason for PEG tube place-
ment.

• Key baseline characteristics of participants by group.

• Method of PEG tube insertion.

• Intervention, dosage, route, timing.

• PEG catheter material.

• Comparator.

• Co-interventions by group.

• Rates of peristomal site infection (as defined by the study au-
thors) up to 30 days after placement of PEG tube.

• Causal bacteria, and whether the infection arose from the per-
son's own micro-organisms or from an external source.

• Author's definition of peristomal infection.

• Duration of follow-up.

• Adverse effects, such as antibiotic-associated diarrhoea or ana-
phylaxis.

• Mortality.

• Removal of PEG tube because of infection.

• Number of peristomal infections specific to the PEG clinician.

• Location in health care setting.

• Length of hospital stay.

• Sponsorship of studies by commercial organisations.
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We contacted study authors for any missing data. We resolved dis-
agreements by discussion and referred to the Cochrane Wounds
Group editorial base when necessary.

Assessment of risk of bias in included studies

Both review authors independently assessed each included study
using the Cochrane Collaboration tool for assessing risk of bias
(Higgins 2011). This tool addresses six specific domains, namely se-
quence generation, allocation concealment, blinding, incomplete
outcome data, selective outcome reporting and other issues (e.g.
extreme baseline imbalance)(see Appendix 5 for details of criteria
on which the judgement will be based). Blinding and completeness
of outcome data were assessed for each outcome separately. We
completed a risk of bias table for each eligible study. We discussed
any disagreement between both review authors to achieve a con-
sensus.

We presented assessment of risk of bias using a 'risk of bias sum-
mary figure', which presents all of the judgements in a cross-tabu-
lation of study by entry. This display of internal validity indicates
the weight the reader may give the results of each study.

Assessment of heterogeneity

We explored both clinical and statistical heterogeneity. Where it
was appropriate to pool studies, in the absence of clinical and sta-
tistical heterogeneity, we applied a fixed-effect model to pool data.

We assessed heterogeneity between study results using the I2 sta-
tistic (Higgins 2003). This examines the percentage total variation
across studies due to heterogeneity rather than to chance. Values

of I2 over 75% indicate a high level of heterogeneity. In instances
where statistical synthesis would have been clinically inappropri-
ate, we undertook a narrative overview.

Data synthesis

We entered the outcome data into RevMan 5.2 software. We pre-
sented results with 95% confidence intervals (CI); also, as the event
rate was less than 30%, we reported estimates for dichotomous
outcomes (for example, presence or absence of PEG placement in-
fections) as odds ratios (OR) (Deeks 1996). We were unable to cal-
culate the means and standard deviations of continuous data (for
example, time to progression of peristomal infection). Decisions
about the methods used for synthesising studies were based on the
nature of the data (in terms of validity, similarity of study designs
and statistical heterogeneity).

Subgroup analysis and investigation of heterogeneity

The data allowed us to perform the following preplanned subgroup
analyses that assessed:

• the impact of study validity on outcomes (i.e. adequate allo-
cation concealment compared with inadequate allocation con-
cealment);

• the use of different antimicrobials (cephalosporins compared
with penicillins); and,

• commercial sponsorship of trials.

We were unable to perform other preplanned subgroup analyses to
investigate specific patient groups (neonate, child, adult); different
diagnostic groups (paediatric, head and neck cancer); or PEG tube
placement techniques (push versus pull methods).

R E S U L T S

Description of studies

Results of the search

The search strategy for the review and updates resulted in 13 tri-
als (including 1637 participants) meeting the inclusion criteria for
the review (Ahmad 2003; Akkersdijk 1995;Blomberg 2010 Dormann
2000; Gossner 1999; Jain 1987; Jonas 1985; Panigrahi 2002; Preclik
1999; Radhakrishnan 2006; Saadeddin 2005; Shastri 2008; Sturgis
1996). Three trials had multiple citations containing some of the
same data (Dormann 2000; Gossner 1999; Preclik 1999). One new
study was assessed and included for this update following full text
retrieval (Blomberg 2010).

Of the 17 studies that were excluded from the review, nine were
not RCTs (Adachi 2002; Arrowsmith 1997; Chowdhury 1996; Dor-
mann 2004; Gopal 2004; Hull 2001; Lee 2002; Loser 2000; Rey 1998),
one was a critique of two trials (Beales 2003), one examined PEG
tube feeding and not placement (Kanie 2000), one was an ab-
stract only (with no further detail on the study available) (Gawenda
1997) two were systematic reviews (Jafri 2007; Sharma 2000) and
in three studies all patients were prescribed antibiotics (Horiuchi
2006; Maetani 2003; Maetani 2005). All studies are listed in the Char-
acteristics of excluded studies table with reasons for their exclu-
sion.

Included studies

Participants

Thirteen trials involved adults aged 16 years or over. All trials were
published and were conducted between 1985 and 2010. Six trials by
Dormann were retrieved and five were found to include similar da-
ta. Following personal correspondence, Dormann 2000 was iden-
tified as the primary study report, when confirmed by the author
as being the largest and latest study. Of the 13 included trials, 12
involved both males and females, while one comprised men only
(Jonas 1985). Trial sizes ranged from 37 patients (Jonas 1985), to
347 patients (Gossner 1999). The trials included hospitalised and
nursing-home patients referred for PEG tube placement, mainly for
malignancy or neurological reasons that caused dysphagia. All tri-
als took place in industrial countries, namely Germany (four trials),
USA (three trials), Netherlands (one trial), Sweden (one trial) and
the UK (four trials).

Antibiotics

Eleven trials compared antibiotics with a placebo, or no inter-
vention. One trial compared intravenous antibiotics with antibi-
otics deposited into the PEG catheter (Blomberg 2010). One tri-
al had three groups comparing antibiotics alone with antimi-
crobial skin antiseptic alone (povidone-iodine spray) and with
skin antiseptic plus antibiotics (Radhakrishnan 2006). Eight trials
used a cephalosporin such as cefuroxime (Ahmad 2003; Blomberg
2010; Radhakrishnan 2006), ceftriaxone (Dormann 2000; Shastri
2008), cefazolin (Jain 1987; Sturgis 1996), or cefoxitin (Jonas 1985).
Three trials used penicillin co-amoxiclav/augmentin (Akkersdijk
1995; Panigrahi 2002; Preclik 1999). In one trial, patients were
randomised into groups that received penicillin (piperacillin with
tazobactam), or cephalosporin (cefotaxime), or no antibiotic (Goss-
ner 1999). One trial compared co-trimoxazole with cefuroxime
(Blomberg 2010). In one study, patients were given co-amoxiclav,
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or cephalosporin (cefotaxime) if they were allergic to penicillin
(Saadeddin 2005).

In all trials but one antibiotics were administered intravenously (IV)
either by bolus (Ahmad 2003; Akkersdijk 1995; Dormann 2000; Jain
1987; Jonas 1985; Panigrahi 2002; Radhakrishnan 2006; Saadeddin
2005; Shastri 2008; Sturgis 1996), or infusion (Gossner 1999; Pre-
clik 1999). In one trial antibiotics were administered into the PEG
catheter (Blomberg 2010). All but two trials (Akkersdijk 1995; Stur-
gis 1996), stated exclusion criteria for patients in relation to antimi-
crobial hypersensitivity.

Diagnostic groups

All trials gave information on patient diagnosis that comprised
three major groups; malignancy, neurological conditions and mis-
cellaneous other conditions. One trial excluded patients with ma-
lignancy (Saadeddin 2005), and in another, separate data could not
be extracted from the neurological and miscellaneous group (Stur-
gis 1996). In the remaining eleven trials, there were a total of 460
patients with malignancy; 473 with neurological conditions, and
75 miscellaneous. In all but five trials (Akkersdijk 1995; Blomberg
2010; Dormann 2000; Preclik 1999; Radhakrishnan 2006), a greater
number of patients with malignancy underwent PEG. Four trials
gave details on infection rates for the diagnostic groups but further
analysis of these data was not possible due to lack of detail (Dor-
mann 2000; Jonas 1985; Preclik 1999; Sturgis 1996). Two trials did
not include ambulatory patients, thus more dependent patients
may have increased the proportion of infections detected (Ahmad
2003; Preclik 1999).

Outcome measures

Peristomal infection was the primary outcome in all trials. All trials
used explicit criteria for assessment of peristomal infection. A wide
range of other outcomes were identified by some authors, such as
adverse effects of PEG, mortality, gastric pH, high levels of C reac-
tive protein, white blood cell count, cost of antibiotic prophylaxis,
major complications, post intervention antibiotic therapy, the role
of oropharyngeal flora, and comparison between 'push' and 'pull'
techniques (Akkersdijk 1995), however, measurements were indi-
vidual to each study.

Criteria for peristomal infection

Eight trials used either the criteria devised by Jain 1987 (Ahmad
2003; Jain 1987; Radhakrishnan 2006; Saadeddin 2005), or a mod-
ified version of them (Dormann 2000; Gossner 1999; Preclik 1999;
Sturgis 1996). One study (Panigrahi 2002), used the ASEPSIS crite-
ria (see Wilson 1995), while another (Shastri 2008) used the crite-
ria devised by Jain 1987 and Gossner 1999 (Shastri 2008). Three
trials stated specific criteria for diagnosis of peristomal infection;
these included redness, purulent discharge and the need for an-
tibiotics based on judgement of physician (Akkersdijk 1995), or a
red zone around the catheter, occurrence of pus, subcutaneous
swelling and pain on palpation around the catheter, positive bac-
terial culture, high levels of C reactive protein and a high white
blood cell count (Blomberg 2010), or redness, tenderness, indura-

tion, pus, local fever, and systemic leukocytosis (Jonas 1985). The
number of criteria and the way in which scores were calculated dif-
fered between trials.

Length of follow-up

The length of follow-up for PEG patients ranged from three to 30
days. Timing of peristomal wound infection assessment varied be-
tween trials. Ahmad 2003 assessed the wound immediately and on
days three, five and seven; Radhakrishnan 2006 on days three or
four and seven; Dormann 2000 on days one, two, four and 10; Pre-
clik 1999 on days one, four, seven and 30; Blomberg 2010 at fol-
low up on days 7 to14; and Akkersdijk 1995 twice weekly for one
month. Most of the other trials followed patients up daily for seven
days (Gossner 1999; Jain 1987; Saadeddin 2005; Shastri 2008; Stur-
gis 1996), or daily for seven days and again on day 28 (Panigrahi
2002). Follow-up for one study was unclear, but was up to day three
or more (Jonas 1985).

Sample size calculations

Six trials gave no details of sample size calculations. Ahmad 2003
and Saadeddin 2005 based their trials on a group size of 45; the
Shastri 2008 trial was based on 46 for a significance of P = 0.05 and
a power of 80%; while Jain 1987 used 50 for a significance level of P
= 0.05 and a power of 80%. The Dormann 2000 study was based on
a minimum group size of 100 at a significance level of P = 0.05, but
no power was stated. Four trials based their power calculations on
an infection rate of 30% to 35% in the control group reducing to be-
tween 7% and 5 % with prophylaxis (Ahmad 2003; Dormann 2000;
Jain 1987; Saadeddin 2005). In the trial by Preclik 1999, a sample
size of 180 patients was calculated to detect a reduction in peris-
tomal and other infections from 20% to 5% in the antibiotic group.
An interim calculation was performed part way through because
the reduction in infection had been achieved, and the study was
prematurely terminated with 106 patients in two groups. Blomberg
2010 calculated the need for 89 or 112 patients to establish non-in-
feriority at 80% power and significance level of 5% assuming infec-
tion rates of 15 or 20% in both groups respectively.

Sources of funding

One study was sponsored by a pharmaceutical company (Preclik
1999), and one of the study authors (K Madchka) was employed
by the pharmaceutical company that manufactured the antibiot-
ic used in the trial. Another study included data from an ongoing
study funded by a pharmaceutical company (Dormann 2000) but
it is unclear if this introduced bias. Eight trials did not report any
sponsorship, and two trials reported 'no grants received' (Radhakr-
ishnan 2006) and 'no disclosures' (Shastri 2008). One trial received
funding from a cancer society and a government body and the au-
thors declared no competing interests (Blomberg 2010).

Risk of bias in included studies

See Figure 1 for the risk of bias graph showing the review authors'
judgements about each risk of bias domain as percentages across
all studies. See also Figure 2 for the risk of bias summary.
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Figure 1.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 2.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.
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Figure 2.   (Continued)
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Allocation

Generation of the randomisation sequence

Four trials used block randomisation; two randomisation se-
quences were computer-generated (Dormann 2000; Shastri 2008),
a third trial reports a pre prepared block (Blomberg 2010), the
fourth trial provided no details about the generation method of
the block randomisation (Preclik 1999). Methods of randomisation
were not stated in two trials (Akkersdijk 1995; Gossner 1999). Three
trials used the pharmacy department to generate allocation of pa-
tients (Jonas 1985; Panigrahi 2002; Sturgis 1996); three used a com-
puter (Ahmad 2003; Dormann 2000; Saadeddin 2005); one used a
pocket calculator (Jonas 1985); and one used closed, shuffled en-
velopes opened at random (Radhakrishnan 2006). Overall, there
was a low risk of bias for random sequence generation.

Allocation concealment

One trial provided inadequate allocation concealment methods
(Gossner 1999). In three trials allocation concealment was un-
clear (Ahmad 2003; Akkersdijk 1995; Dormann 2000). The remain-
ing nine trials were judged to have adequate allocation conceal-
ment (Blomberg 2010; Jain 1987; Jonas 1985; Panigrahi 2002; Pre-
clik 1999; Radhakrishnan 2006; Saadeddin 2005; Shastri 2008; Stur-
gis 1996). In one trial allocation concealment was performed by one
of the authors who was responsible for (and the only one aware of)
assignment (Jain 1987), who did not evaluate the wounds.

Blinding

Three trials were not blinded (Akkersdijk 1995; Dormann 2000;
Gossner 1999). In one trial the researcher was blinded to the al-
location (Radhakrishnan 2006). In seven placebo controlled trials
both the patients and care provider delivering the intervention
were blinded(Ahmad 2003; Jain 1987; Jonas 1985; Panigrahi 2002;
Preclik 1999; Saadeddin 2005; Sturgis 1996). In seven trials the
outcome assessors were blinded (Ahmad 2003; Jain 1987; Jonas
1985; Panigrahi 2002; Preclik 1999; Radhakrishnan 2006; Saaded-
din 2005). In one trial the patients and the outcome assessor were
blinded (Blomberg 2010) and in another trial both the care provider
and outcome assessor were blinded (Shastri 2008).

Incomplete outcome data

Drop outs / withdrawals from the study / Intention-to-treat
analysis

Two studies reported no drop outs (Jain 1987; Sturgis 1996) and
all the remaining studies reported drop outs or withdrawals from
the study. Three studies stated that they had performed an inten-
tion-to-treat (ITT) analysis. In one study an ITT and a per-protocol
analysis was performed (Blomberg 2010). ITT analysis was not stat-
ed in two studies but as there were no drop outs and the analy-
sis was completed on the complete data set an ITT analysis was
assumed (Jain 1987; Sturgis 1996). The remaining studies report-
ed dropouts/withdrawals, but did not report whether or not an ITT
analysis had been undertaken.

Selective reporting

We did not have access to any of the trial protocols, however all
the included studies reported on the pre-specified outcomes in the
methods sections of the paper.

Other potential sources of bias

Baseline comparability

All trials comprised adults aged 16 years and above; all patients
had co-morbidity that made their vulnerability to peristomal in-
fection comparable. The participants shared similar indications for
PEG tube placement and epidemiological baseline characteristics
in nine of the 13 trials. In two trials the number of participants in
each group differed slightly in the reasons for PEG tube insertion
but this was not judged to have introduced serious bias (Jain 1987;
Jonas 1985). In three trials there were slight differences in gender
distribution between the antibiotic and placebo groups (Blomberg
2010; Gossner 1999; Panigrahi 2002). None of the baseline differ-
ences were judged to be at a level where they were likely to affect
the outcomes or introduce serious bias.

Timing of outcome assessment

All studies reported on when the outcome assessments were made
and they were judged to be similar for all arms of the trial.

EBects of interventions

Thirteen trials met the inclusion criteria for the review; no un-
published trials were identified and five authors responded to re-
quests for information (Dormann 2000; Gossner 1999; Radhakrish-
nan 2006; Saadeddin 2005; Shastri 2008).

Meta-analysis was performed where possible using a fixed-effect
model. The number of PEG infections was calculated from the last
date of follow-up in each study to ensure the maximal number
of peristomal infections. Continuous data of infection rates were
available in nine trials (Ahmad 2003; Dormann 2000; Jain 1987;
Jonas 1985; Panigrahi 2002; Preclik 1999; Radhakrishnan 2006;
Shastri 2008; Sturgis 1996), but only two studies included means
and this prevented further analysis. In three trials (Akkersdijk 1995;
Blomberg 2010; Radhakrishnan 2006) an ITT analysis was possible,
otherwise we used available case data.

Peristomal infection

All trials recorded the incidence of peristomal infection as an out-
come, and stated criteria for wound infection. In addition, all but
one used intravenous antibiotics which were given prior to PEG,
including two by infusion (Gossner 1999; Preclik 1999). In the re-
maining trial antibiotics were given intravenously and via the PEG
catheter (Blomberg 2010). This trial gave antibiotics before inser-
tion and immediately after insertion respectively.Ten trials admin-
istered the antibiotics around 30 minutes before, and two trials
immediately prior to PEG tube placement (Radhakrishnan 2006;
Saadeddin 2005). Two trials also gave two further doses at six-
hourly intervals (Akkersdijk 1995; Jonas 1985), and one trial gave
two further doses at eight-hourly intervals following PEG tube
placement (Radhakrishnan 2006).

Systemic antibiotics (IV) compared with placebo

Eight trials with 586 participants were included in this comparison
and all used saline as the placebo (Ahmad 2003; Jain 1987; Jonas
1985; Panigrahi 2002; Preclik 1999; Saadeddin 2005; Shastri 2008;
Sturgis 1996). There were a total of 34/293 (11.6%) peristomal in-
fections in the antibiotics groups, and 80/293 (27.3%) in the place-

bo groups. Trials were pooled using a fixed-effect model (I2 = 0%),
and statistically there were significantly fewer infections in people
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treated with antibiotics than with placebo (OR 0.34, 95% CI 0.22 to
0.53) (Analysis 1.1).

Systemic antibiotics (IV) compared with no intervention

Three trials with 613 participants were included in this comparison
(Akkersdijk 1995; Dormann 2000; Gossner 1999). There was a total
of 18/344 (5.2%) peristomal infections in the antibiotic groups, and
56/279 (20%) in the no intervention groups. Trials were pooled us-

ing a fixed-effect model (I2 = 27%), and statistically there were sig-
nificantly fewer infections in people treated with antibiotics than
in those who had received no intervention (OR 0.30, 95% CI 0.17 to
0.53) (Analysis 2.1).

Systemic antibiotics (IV) compared with placebo or no
intervention or skin antiseptic

The total number of patients included in the meta-analysis was
1271 (n = 671 antibiotics (52.8%); n = 600 comparison groups
(47.2%)). All 12 trials with 1271 participants that compared sys-
temic antibiotics with placebo, or no intervention, or skin anti-

septic, were pooled using a fixed-effect model (I2 = 17%). Overall,
63/671 (9.4%) people in the antibiotics group, and 145/600 (24.2%)
people in the placebo/no intervention/skin antiseptic groups ac-
quired a peristomal infection. Statistically, there were significantly
fewer infections in people treated with antibiotics compared with
those who received placebo, or no intervention, or skin antiseptic
(OR 0.36, 95% CI 0.26 to 0.50) (Analysis 3.1).

The finding was robust to exclusion of studies with inadequate allo-
cation concealment. Eight trials with adequate allocation conceal-

ment were pooled using the fixed-effect model (I2 = 61%) and this
difference was statistically significant (OR 0.58, 95% CI 0.38 to 0.88),
although if a random effects model is used this difference disap-
pears (Analysis 3.2.1). The four trials with unclear or inadequate al-

location concealment were pooled using the fixed-effect model (I2

= 25%) (OR 0.34, 95% CI 0.21 to 0.58) (Analysis 3.2.2).

A subgroup analysis was also performed on the two trials spon-
sored by the pharmaceutical firms manufacturing the antibiotics
administered to determine whether results were different from un
sponsored trials). Pooled analyses of trials that were not sponsored

(I2 = 25%) (OR 0.38, 95% CI 0.25 to 0.56) (Analysis 3.3) and spon-

sored trials (I2 = 0%) (OR 0.32, 95% CI 0.18 to 0.58) were consistent,
in that both demonstrated a statistically significant benefit associ-
ated with antibiotics;.

Sub-group analyses could not be performed on specific diagnostic
groups, or the use of different antibiotics, due to lack of data.

Systemic antibiotic compared with another systemic antibiotic

Two trials compared systemic antibiotics with systemic antibiotics.
Gossner 1999 randomised participants between two different an-
tibiotics given intravenously (OR 0.33, 95% CI 0.01 to 8.12) (Analy-
sis 4.1). Blomberg 2010 randomised participants between two dif-
ferent antibiotics one given via PEG catheter and the other intra-
venously (OR 0.70, 95% CI 0.30 to 1.65) (Analysis 4.2). No difference
in infection rates between the two groups could be determined in
either trial.

Systemic antibiotic (IV) compared with systemic antibiotic (IV)
plus skin antiseptic

One trial with two groups of 68 participants was included in this
comparison of systemic antibiotic with systemic antibiotic plus
skin antiseptic (Radhakrishnan 2006). There were 11/34 (32.4%) in-
fections in the antibiotic group and 1/34 (2.9%) in the systemic an-
tibiotic plus skin antiseptic group, and there were statistically fewer
infections when the systemic antibiotic was combined with a skin
antiseptic (OR 15.78, 95% CI 1.90 to 130.86) (Analysis 5.1).

Skin antiseptic compared with systemic antibiotic (IV) plus skin
antiseptic

One trial with two groups of 62 participants was included in this
comparison of skin antiseptic with systemic antibiotic plus skin an-
tiseptic (Radhakrishnan 2006). There were 9/28 (32.1%) infections
in the skin antiseptic group and 1/34 (2.9%) in the antibiotic plus
skin antiseptic group; there were statistically fewer infections when
the skin antiseptic was combined with an antibiotic (OR 15.63 95%
CI 1.84 to 133.09) (Analysis 6.1).

Identification of bacteria causing infection

None of the trials reported on the causal organisms between
groups.

Peritonitis

Five trials reported peritonitis as an outcome (Akkersdijk 1995; Dor-
mann 2000; Gossner 1999; Radhakrishnan 2006; Shastri 2008).

Adverse eBects associated with systemic antibiotics

Five trials did not mention any adverse effects associated with an-
tibiotics and PEG tube placement (Jain 1987; Jonas 1985; Pani-
grahi 2002; Saadeddin 2005; Sturgis 1996). Six trials reported ad-
verse effects associated with PEG tube placement but these were
not antibiotic-specific (Akkersdijk 1995; Blomberg 2010; Dormann
2000; Gossner 1999; Radhakrishnan 2006; Shastri 2008). Two trials
reported adverse effects associated with antibiotics; Ahmad 2003
found that 6% of those who received antibiotics developed Clostrid-
ium difficile-related diarrhoea, while none of the 51 patients in the
placebo group developed this problem. In Preclik 1999, adverse
effects occurred in two patients in the antibiotics group (nausea,
seizure), and two patients in the placebo group (vomiting and aller-
gic exanthema).

Mortality associated with systemic antibiotics

Two trials did not report any mortality figures (Jain 1987; Jonas
1985). One trial reported that there was no mortality (Gossner
1999). Ten trials reported mortality but deaths were stated as
not associated with antibiotics (Ahmad 2003; Akkersdijk 1995;
Blomberg 2010; Dormann 2000; Panigrahi 2002; Preclik 1999; Rad-
hakrishnan 2006; Saadeddin 2005; Shastri 2008; Sturgis 1996).

Removal of PEG tube because of infection

One trial reported a single reinsertion of a PEG tube because of leak-
age that led to peritonitis (Preclik 1999). Four patients in one tri-
al (Gossner 1999),and one patient in another (Dormann 2000) re-
quired PEG tube removal because of local peritonitis. We could not
determine which treatment group these patients had been in for
either trial.

Systemic antimicrobial prophylaxis for percutaneous endoscopic gastrostomy (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

11



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Care of the peristomal site after PEG tube placement was described
in seven trials, all of which used dry dressing without topical prod-
ucts (Ahmad 2003; Dormann 2000; Gossner 1999; Jain 1987; Pre-
clik 1999; Saadeddin 2005; Sturgis 1996). One trial stated that all
participants were given an information folder on how to perform
daily care of the catheter and wound site (Blomberg 2010). Two tri-
als stated that hydrogen peroxide was used to cleanse the PEG site
(Jain 1987; Sturgis 1996).

Length of hospital stay as an indicator of increased costs

None of the trials compared length of hospital stay between
groups.

D I S C U S S I O N

The results of this review support the use of systemic antibiotics
and show that broad spectrum antibiotics are effective against peri-
stomal infection in PEG tube placement. This supports current UK,
European and USA guidelines (BSG 2001; Locke 2000; Rey 1998),
and two previous systematic reviews (Jafri 2007; Sharma 2000).

The included trials were of a reasonable quality, and, although
based on relatively small numbers, power calculations (where per-
formed) suggested adequate sample sizes had been used (Ahmad
2003; Blomberg 2010; Dormann 2000; Jain 1987; Preclik 1999). The
trials with inadequate allocation concealment showed fewer infec-
tions in the antibiotic groups than the trials with adequate alloca-
tion concealment.

The push method was used in at least two studies. Shastri 2008
used the push method alone, Akkersdijk 1995 compared push and
pull methods and one study did not specify the method (Sturgis
1996). It is possible that pushing the PEG device through the ab-
dominal wall, rather than pulling it though the nasopharynx and
gastrointestinal tract, could avoid the risk of contamination by na-
so-pharyngeal organisms including MRSA. This route may therefore
negate the need for systemic prophylactic antibiotics. Further ro-
bust studies using the push method are needed to establish the ev-
idence base.

Pooled analysis of twelve trials included in the review, compar-
ing antibiotics with antibiotics or placebo or no intervention or
skin antiseptic, showed a consistently beneficial effect for antibi-
otics. In one trial antibiotics plus a skin antiseptic were employed
with more favourable results than antibiotic alone (Radhakrishnan
2006), however, this finding should be interpreted with caution be-
cause of the small numbers involved.

Follow-up was insufficient in some trials (3-30 days) which may
have reduced the statistical power of the studies, particularly in the
light of the United States Centers for Disease Control and Preven-
tion's (CDC) recommendation for a 30-day follow-up period to en-
sure that all surgical site infections are captured (Mangram 1999).
Blinding in two trials may have been compromised, as PEG deliv-
ery of antibiotics (Blomberg 2010) and the use of the skin antiseptic
could not be disguised (Radhakrishnan 2006).

Broad-spectrum bactericidal antibiotics were used in all the trials
reviewed. The type of antibiotics used depended on the origin of

the study, as the recommendations given by UK, European and USA
societies of gastroenterology cited different evidence available at
the times of publication. Much of the current guidance is based on
the trials included in this review. For example, one German study
(Gossner 1999) used piperacillin and tazobactam in comparison
with cefotaxime. Both these drugs are recommended as part of
the European Society guidance (Rey 1998). One systematic review
found that only six patients needed to be treated to prevent one
peristomal infection when penicillin-based antibiotics were admin-
istered, compared to 10 patients for cephalosporin-based antibi-
otics (Jafri 2007).

There were prescribing differences between trials with regard to
method of delivery, dose, and timing of antibiotics. The method
of delivery was intravenous, by bolus or infusion, or by bolus via
PEG catheter in all trials. Intravenous delivery is the UK standard
for systemic antibiotic prophylaxis (BMA and RPS 2004). The dose of
antibiotics given for prophylaxis was generally in accordance with
routine formulary prescribing guidance for each drug used. Tim-
ing and length of administration of the systemic antibiotics varied
between trials. The aim of antibiotics is to establish a bactericidal
concentration in the tissues prior to PEG tube placement. This may
have been compromised in the trials in which administration was
not completed until immediately before PEG tube placement.

In summary, prophylactic antibiotics in PEG tube placement using
the 'pull' method result in a statistically significant reduction in the
number of peristomal infections.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Prophylactic antibiotics should be routinely administered to peo-
ple undergoing PEG tube insertion using the 'pull' method, since
they are associated with a significant reduction in peristomal infec-
tions.

Implications for research

No further research is needed to answer this question using the pull
method. However, the 'push' method is becoming a more popu-
lar technique with limited evidence of effectiveness. A robust ran-
domised controlled trial with sufficient power is recommended to
compare the need for antibiotics using the push and pull methods.
A research study comparing the use of antiseptics with and without
antibiotics is recommended as there is some evidence to suggest
that antiseptics combined with antibiotics may be more effective
than antibiotics alone.
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PEG tube inserted for CVA (n= 38) CNS disorders (n= 20), oropharyngeal cancer (n= 18) and miscella-
neous (n= 26) (Taken from Table 1 - 102 patients evaluable on a per protocol analysis).
Excluded if no consent or suspected/confirmed allergy to antibiotic used.
Total number of patients randomised; n = 141.

Interventions 'Pull' technique
Group 1: cefuroxime 750 mg IV 30 min prior to PEG (n = 50);
Group 2: saline placebo IV 30 min prior to PEG (n = 51);
Group 3: receiving antibiotics before and during the study (n = 40).

Outcomes Peristomal infection.
Complications.

Notes Group 3 excluded from analysis as not randomised.Used Jain et al criteria for wound assessment.
Country of origin: Wales.
Power calculation performed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Predetermined computer-generated randomisation scheme.

Allocation concealment
(selection bias)

Unclear risk Review authors unable to contact study authors for clarification.

Blinding (performance
bias and detection bias) 
Blinding patient

Low risk Patients received intravenous antibiotics or saline.

Blinding (performance
bias and detection bias) 
Blinding care provider

Low risk Procedure by doctor or nurse not involved in the study.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Low risk Blinded to treatment group.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Unclear risk 8 (5.6%) of 141 patients excluded because of incomplete data.

Comment: A 5.6% drop out rate makes the study at unclear risk of attrition
bias. However the study reports 133 patients "were analysable on an intention
to treat analysis".

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk Balanced for gender, age, reason for PEG, underlying conditions.

Timing of outcome assess-
ment similar in all groups?

Low risk In all groups outcomes were assessed immediately after procedure plus three,
five and seven days.

Ahmad 2003  (Continued)
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Methods Randomised controlled trial.

Participants Consecutive male and female patients.

PEG tube inserted for oropharyngeal cancer (n= 56), neurological (n= 32) and other (n= 12).
Inclusion and exclusion criteria not stated.
Total number of patients randomised; n = 100.

Interventions 'Pull' and 'push' techniques.
Group 1: Pull, augmentin 1.2 g IV 3 doses given, 1st dose 30 min prior to procedure two doses adminis-
tered over 24 hours (n = 37);
Group 2: pull, no placebo, no antibiotic (n = 34);
Group 3: push, no placebo, no antibiotic (n = 29).

Outcomes Peristomal infection.
Major and minor complications.
Comparison between push and pull technique.

Notes Criteria for wound assessment: minor infection present if redness with or without purulent discharge,
major infection judged by physician as those requiring antibiotics.
Country of origin: Netherlands.
No power calculation performed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding patient

Unclear risk Not stated; no placebo given.

Blinding (performance
bias and detection bias) 
Blinding care provider

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Low risk PEG placement failed in four patients (4%).

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk All groups were balanced for age, reason for PEG, underlying conditions.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes assessed in all groups twice weekly for one month.

Akkersdijk 1995 
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Methods Randomised controlled trial

Participants Male and female patients.

PEG tube inserted for ear, nose or throat cancer (127), neurological disease (42), oesophageal cancer
(n= 30), stroke (n= 11), dementia (n= 1), gastric cancer (n= 1), and other (n= 22).

Included if able to consent to participation in the study after receiving oral and written information
or did not meet exclusion criteria and no contraindications for PEG.

Excluded if ongoing antibiotic treatment, illness too severe to allow the patient to participate, allergy
to any of the antibiotic alternatives.

Total number of patients randomised; n = 234

Interventions Pull technique.
Group 1: Co-trimoxazole (800mg sulfamethoxazole &160mg trimethoprim) in 20ml deposited in the
PEG immediately after insertion (n=116).
Group 2: Cefuroxime 1.5g IV given 1 hour before PEG insertion (n= 118).

Outcomes Primary outcome - wound infection

Clinically evident peristomal infection at follow up appointment infection within 7- 14 days after inser-
tion of the PEG catheter.
Secondary outcomes - Positive bacterial culture or blood biochemistry.

Notes Criteria for wound assessment: a clinically identifiable wound infection, as judged by a red zone around
the catheter or occurrence of pus, subcutaneous swelling, and pain on palpation in the area around the
catheter.
Secondary outcomes objective signs of infection, including a positive bacterial culture, high levels of
highly sensitive C reactive protein, and a high white blood cell count.
Country of origin: Sweden.
Power calculation performed for non-inferiority.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The randomisation process was conducted by personnel at a hospital depart-
ment not engaged in the care of the included patients"
"Personnel were contacted by telephone and on request opened a closed enve-
lope, taken from a pre-prepared block (50 envelopes in each block) of equally
distributed and mixed envelopes, containing a randomisation sheet with infor-
mation on the drug to be used"

Allocation concealment
(selection bias)

Low risk "The randomisation process was conducted by personnel at a hospital depart-
ment not engaged in the care of the included patients"
"Personnel were contacted by telephone and on request opened a closed enve-
lope, taken from a pre-prepared block (50 envelopes in each block) of equally
distributed and mixed envelopes, containing a randomisation sheet with infor-
mation on the drug to be used"

Blinding (performance
bias and detection bias) 
Blinding patient

Low risk "the blinding of the patients was accomplished by using intravenous fluid and
manipulating the newly inserted PEG catheter in all patients. This sham ma-
noeuvre was facilitated by the use of sedation"

Blinding (performance
bias and detection bias) 

Unclear risk Not stated.

Blomberg 2010 
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Blinding care provider

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Low risk "The nurses who evaluated the patients at follow-up visit were not involved in in-
sertion of the PEG catheter, including the administration of antibiotics"

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

High risk Out of 34 dropouts (14.5%) or withdrawals, a total of twelve participants in
each group did not undergo PEG placement for anatomical reasons. Other at-
trition included five deaths, one patient pulled out PEG, three lost to follow-up
and one received co-trimoxazole after being randomised to cefuroxime.

Comment: 15% drop out rate makes the study at high risk of attrition bias, but
ITT analysis undertaken.

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk Both groups were balanced for age,smoking, diabetes, indications for PEG.S-
light gender imbalance 42 females in group 1 versus 31 females in group 2.

Timing of outcome assess-
ment similar in all groups?

Low risk 7-14 days for both groups.

Blomberg 2010  (Continued)

 
 

Methods Randomised controlled trial.

Participants Male and female patients aged over 18 years requiring enteral feeding via PEG tube > six weeks.

PEG tube inserted for neurological disease (n= 145), tumour (n= 63) and other (n= 8). (Taken from Table
1 - 216 patients evaluable as 21 dropouts). 
Excluded if signs of infection, peritonitis ascites, peritoneal malignancy, prior gastric/bowel disease,
granulocytopenia, previous radio/chemotherapy, antibiotic treatment within previous 72 h, clot-
ting/platelet disorders, sensitivity to ceftriaxone.
Total number of patients randomised; n = 237.

Interventions 'Pull' technique:
Group 1: ceftriaxone 1 g IV 30 min prior to PEG (n = 106);
Group 2: no placebo, no antibiotic (n = 110).

Numbers originally randomised into groups not given in trial report.

Outcomes Peristomal infection.
Mortality.
Cost of antibiotic therapy.
Post-intervention antibiotic therapy.

Notes Used modified Jain et al criteria for wound assessment.
Data from four previous studies incorporated into this study.
Data from previous study (1999a), sponsored by Hoffman La Roche, incorporated into this study.
Conducted in 12 secondary and tertiary medical centres.
Country of origin: Germany.
Power calculation performed.

Risk of bias

Dormann 2000 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised in blocks of four using Rancode 3.1.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding patient

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding care provider

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Unclear risk 'Study monitors' involved but specific role not stated.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Low risk 21 drop outs (8.9%).

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes addressed.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk Both groups balanced for gender, age, reasons for PEG tube, BMI,indications
for PEG, underlying conditions.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in both groups were assessed at one, two, four and ten days (mean
8.7).

Dormann 2000  (Continued)

 
 

Methods Randomised controlled trial.

Participants Male and female patients with proportionately more males (n = 243) than females (n = 93).

PEG tube inserted for malignant disease (n= 210), neurological disorders (n= 97). (Taken from Table 1 -
307 patients evaluable as 40 dropouts).

Included if had functional resorption and digestive capacity with temporary, or permanent, dysphagia.
Excluded if severe clotting or wound healing disorder, pronounced immune deficiency, paralytic ileus,
Billroth II procedure, peritonitis, ascites, sensitive to antibiotics used.
Total number of patients randomised; n = 347.

Interventions Modified 'pull' technique.
Group 1: cefotaxime 2 g by infusion 30 min prior to PEG (n = 101);
Group 2: piperacillin 2 g + 0.5 g tazobactam by infusion (n = 100);
Group 3: no placebo, no antibiotic (n = 106).
Infusion given over 20 min.

Numbers originally randomised into groups not given in trial report

Outcomes Peristomal infection.

Gossner 1999 
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Peritonitis.
Mortality.

Notes Used Jain et al and Shapiro et al criteria for wound assessment.
Included data from a previous study.
Country of origin: Germany.
No power calculation performed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

High risk Randomly assigned to group after consent taken, and at least one day before
procedure.

Blinding (performance
bias and detection bias) 
Blinding patient

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding care provider

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Low risk 40 drop outs (11.5%).

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk All groups were balanced for age, gender, weight, Karnofksy index, reasons for
PEG.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in all groups were assessed daily for seven days. Those discharged
were assessed over the telephone or via the outpatient department, but the
group was not specified.

Gossner 1999  (Continued)

 
 

Methods Randomised controlled trial.

Participants Male and female patients (distribution not stated) who had given consent.

PEG tube inserted for CVA (n= 53), oropharyngeal cancer (n= 27), CNS trauma (n= 8), CNS infection (n=
3), CNS degenerative disease (n= 10) and miscellaneous (n= 6).
Excluded if: allergic to cefazolin, refused signed consent, technical reasons for PEG placement.
Total number of patients randomised; n = 107.

Jain 1987 
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Interventions Technique not stated, but presumed to be 'pull' as the authors state 'the feeding tube traverses the
mouth and pharynx'.
Group 1: receiving antibiotics before and during the study and were randomly assigned to:
Group 1 a: cefazolin 1 g IV 30 min prior to PEG (n = 25);
Group 1 b: saline placebo IV 30 min prior to PEG (n = 27);

Group 2 not receiving antibiotics were randomly assigned to:
Group 2 a: cefazolin 1 g IV 30 min prior to PEG (n = 27);
Group 2 b: saline placebo IV 30 min prior to PEG (n = 28).

Outcomes Peristomal infection.

Notes Criteria for wound assessment scoring devised by Jain et al which used indicators previously used by
Shapiro et al (1982).
Group 1 excluded from grouped analysis.
Country of origin: USA.
Power calculation performed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation schedule generated by Hewlitt-Packard HP-67 pocket calcula-
tor.

Allocation concealment
(selection bias)

Low risk One author (KPC) was responsible for (and the only one aware of) assignment
and did not evaluate the wounds.

Blinding (performance
bias and detection bias) 
Blinding patient

Low risk Stated as 'double blind'.

Blinding (performance
bias and detection bias) 
Blinding care provider

Low risk Stated as 'double blind'.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Low risk Outcomes assessed by team members blind to placebo allocation.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Low risk No drop outs.

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes addressed.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Unclear risk All groups were balanced for gender, underlying conditions, reasons for PEG.
In group 1 the mean age was slightly but significantly less than that of patients
who did not receive prophylaxis.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in all groups were assessed daily for seven days.

Jain 1987  (Continued)
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Methods Randomised controlled trial.

Participants All male patients with dysphagia, consent, and functionally-intact gastrointestinal tract.

PEG tube inserted for underlying malignancy (n= 18) and neurological (n= 15). (Taken from Table 4 - 33
patients evaluable as 4 dropouts).
Excluded if had gastric ulcer/cancer, active infection requiring antibiotics, peritonitis, ascites, exten-
sive abdominal surgery, contraindications to endoscopy, hypersensitivity to cephalosporins, or refused
consent.
Total number of patients randomised; n = 37.

Interventions 'Pull' technique:
Group 1: cefoxitin 1 g IV 30 min prior to PEG (2 further doses given at 6 h intervals) (n = 17);
Group 2: saline placebo IV 30 min prior to PEG (n = 16).

Numbers originally randomised into groups not given in trial report

Outcomes Peristomal infection.
Effect of gastric pH.
Microbiology of oropharyngeal flora and tip of tube.
Effect of underlying disease (neurological/malignancy).

Notes Criteria for wound assessment: red, tender, indurated area at exit site with pain ± systemic signs of
leukocytosis and fever.
Country of origin USA.
No power calculation performed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random sequence generated by pharmacist.

Allocation concealment
(selection bias)

Low risk Allocation concealment as 'foil-covered vials of identical appearance and
equivalent volume' by pharmacy.

Blinding (performance
bias and detection bias) 
Blinding patient

Low risk Stated: 'foil-covered vials of identical appearance and equivalent volume'.

Blinding (performance
bias and detection bias) 
Blinding care provider

Low risk Stated: 'foil-covered vials of identical appearance and equivalent volume'.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Low risk Known to pharmacist only.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Low risk Four drop outs (10.8%).

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported.

Jonas 1985 
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Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk Both groups were balanced for malignancy, neurological disease.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in both groups were assessed at more than three days (endpoint
not stated).

Jonas 1985  (Continued)

 
 

Methods Randomised controlled trial.

Participants Consenting male and female patients, who had not received antibiotics in the preceding three days.

PEG tube inserted for neurological (n= 49), Cancer (n= 4) and miscellaneous (n= 5). (Taken from Table 1
- 58 patients evaluable as 17 dropouts).
Excluded if allergic to penicillin, immunocompromised, had severe clotting disorder, end-stage renal
failure, or gastrointestinal surgery which precluded site of PEG.
Total number of patients randomised; n = 75.

Interventions Technique not stated.
Group 1: co-amoxiclav (dose not stated) IV 15-30 min prior to PEG (n = 29);
Group 2: saline placebo IV 15-30 min prior to PEG (n = 29).

Numbers originally randomised into groups not given in trial report

Outcomes Peristomal infection.

Notes Criteria for wound assessment: modified ASEPSIS scoring system used.
Country of origin England.
No power calculation performed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk 'Provided by the hospital pharmacy'.

Allocation concealment
(selection bias)

Low risk Administered by 'endoscopist 15-30 min prior to endoscopy with no prior
knowledge of the sequence in the randomisation'.

Blinding (performance
bias and detection bias) 
Blinding patient

Low risk Stated as 'double blind'.

Blinding (performance
bias and detection bias) 
Blinding care provider

Low risk Stated as 'double blind'.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Low risk 'The infection control team was blinded to the randomisation'.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

High risk 17 in total, seven died, eight drop outs, two lost to follow-up (22.6%).

Comment: A 15% drop out rate makes the study at high risk of attrition bias.

Panigrahi 2002 
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Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk Both groups were balanced for age, gender, reasons for PEG.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in both groups were assessed daily for seven days, and then day 28.

Panigrahi 2002  (Continued)

 
 

Methods Randomised controlled trial.

Participants Consenting male and female patients with dysphagia, 18 years and over.

PEG tube inserted for malignancy (n= 55) and neurological disease (n= 29) (Taken from Table 1 - 84 pa-
tients evaluable on a per protocol analysis).
Excluded if had: allergy to penicillin; received antibiotics in past 4 days; neutropenia < 500 cells/mi-
crolitre; creatinine < 300 micromols/litre or contraindication to PEG.
Total number of patients randomised; n = 106.

Interventions Thread 'pull' technique.
Group 1: co-amoxiclav 2.2 g, by short infusion 30 min prior to PEG (n = 46).
Group 2: saline placebo, by short infusion 30 min prior to PEG (n = 47).

Numbers originally randomised into groups not given in trial report

Outcomes Peristomal infection.
Mortality.
Adverse effects.

Notes Included data from a previous study.
Used criteria by Jain et al for wound assessment.
Conducted in six hospitals.
Country of origin: Germany.
Power calculation performed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Permuted block design with separate sequences of random numbers for each
centre to ensure equal numbers.

Allocation concealment
(selection bias)

Low risk Prepared by pharmacy.

Blinding (performance
bias and detection bias) 
Blinding patient

Low risk Stated as 'double blind'.

Blinding (performance
bias and detection bias) 
Blinding care provider

Low risk Blinding of investigators, study nurses, reviewers and data managers.

Preclik 1999 
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Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Low risk Blinding of investigators, study nurses, reviewers and data managers.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Unclear risk 13 drop outs (12.3%). Report stated that ITT analysis was performed on 93
patients who received PEG but 106 patients were randomised and 13 people
dropped out and there are no details on how this missing data were handled.
The judgement is therefore unclear.

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes stated.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk Both groups were balanced for age, gender, previous method of feeding, un-
derlying conditions, performance status reason for PEG, Karnofsky index.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in both groups were assessed daily for seven days and mortality at
30 days.

Preclik 1999  (Continued)

 
 

Methods Randomised controlled trial.

Participants Consenting male and female patients who had not received antibiotics in the preceding 2 days.

PEG tube inserted for CVA (n= 57), dementia (n= 10), neurogenic dysphagia (n= 11) and miscellaneous
(n= 18).
Excluded if on antibiotic therapy, unable to gain consent, had allergy to cephalosporin or iodine, or re-
quired prophylaxis for endocarditis.
Total number of patients randomised; n = 96.

Interventions 'Pull' technique.
Group 1: cefuroxime 750 mg IV immediately prior to PEG (2 further doses given at 8 h intervals) (n = 34);
Group 2: povidone-iodine spray only (n = 28);
Group 3: povidone-iodine spray and cefuroxime 750 mg IV immediately prior to PEG (2 further doses
given at 8 h intervals) (n = 34).

Outcomes Peristomal infection.
Mortality.
Logistic regression effects of diabetes, steroids, acid suppressants, age and sex.

Notes Used Jain et al wound assessment.
Some patients received antibiotics during follow-up period.
Country of origin: England.
Power calculation not performed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Closed envelopes opened at random by an endoscopy nurse.

Allocation concealment
(selection bias)

Low risk 'Closed envelopes that were shuffled and opened at random by an endoscopy
nurse after the patient had given consent for the study'.

Radhakrishnan 2006 
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Blinding (performance
bias and detection bias) 
Blinding patient

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding care provider

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Low risk Stomal site inspected by the investigator who was blinded to regime.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Low risk No drop outs, five patient deaths in 1 week, 1 from gastric leakage on day 6
(5.2%).

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes addressed.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk All groups were balanced for age, gender, steroids, diabetes, size of PEG tube,
reasons for PEG.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in both groups were assessed on day three or four and day seven.

Radhakrishnan 2006  (Continued)

 
 

Methods Randomised controlled trial.

Participants Male and female patients over 16 years of age.

PEG tube inserted for CVA (n= 61), neurological (n= 35) and miscellaneous (n= 5). (Taken from Table 2
Error in paper as these total 101. The number quoted as 'analysable' for each outcome is 83 for peris-
tomal infection, 97 for systemic infection, and 99 for seven-day mortality).
Included if PEG was for non-malignancy.
Excluded if had antibiotics within 48 h preceding PEG insertion.
Total number of patients randomised; n = 110.

Interventions Pull technique.
Group 1: co-amoxiclav 2.2 g (n = 43), or cefotaxime 2 g (if allergic to penicillin) (n = 8) at time of PEG tube
insertion.
Group 2: placebo (not stated) at time of PEG tube insertion (n = 48).

Numbers originally randomised into groups not given in trial report

Outcomes Peristomal infection.
Systemic infection.
Seven-day mortality.

Notes Used Jain et al criteria for wound assessment.
Country of origin: England.
Power calculation performed.

Risk of bias

Saadeddin 2005 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk 'Done in advance using a random number generator'.

Allocation concealment
(selection bias)

Low risk 'Study assignment cards kept with medication packs in pharmacy'.

Blinding (performance
bias and detection bias) 
Blinding patient

Low risk 'Patient blinded'. Syringe covered with opaque sleeve prepared by endoscopy
nurse.

Blinding (performance
bias and detection bias) 
Blinding care provider

Low risk Syringe covered with opaque sleeve prepared by endoscopy nurse.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Low risk 'Study investigator (outcome assessor) blinded'.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Low risk 11 withdrawals (10%).

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes addressed.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk Both groups were balanced for age, gender, weight, underlying conditions.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in both groups were assessed daily for seven days.

Saadeddin 2005  (Continued)

 
 

Methods Randomised controlled trial.

Participants Male and female patients 16-89 years.

PEG tube inserted for cancer (n= 93). (Taken from Figure 1 - 93 patients evaluable as 4 dropouts).
Included if had stenotic malignancy and lesions of the upper gastrointestinal tract.
Excluded if allergic to antibiotics, or had any contraindications to PEG.
Total number of patients randomised; n = 97.

Interventions Push technique gastropexy PEG.
Group 1: ceftriaxone 2 g IV (n = 49);
Group 2: placebo ('similar looking') IV (n = 48).

Outcomes Peristomal infection.

Notes Used Jain et al and Gossner criteria for wound assessment.
Country of origin: Germany.
Power calculation performed.

Shastri 2008 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk 'Block randomisation and computer-generated random numbers'.

Allocation concealment
(selection bias)

Low risk 'Sequentially numbered, opaque, sealed envelopes'.

Blinding (performance
bias and detection bias) 
Blinding patient

Unclear risk Not stated.

Blinding (performance
bias and detection bias) 
Blinding care provider

Low risk Injections prepared by non-study staE.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Low risk Wound assessment by members of nutrition support team.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Low risk Four drop outs (4.1%).

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk Both groups were balanced for age, gender, BMI, location of malignancy, rea-
son for PEG.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in both groups were assessed daily for seven days.

Shastri 2008  (Continued)

 
 

Methods Randomised controlled trial.

Participants Characteristics of patients unclear.

PEG tube inserted for CVA and head and neck cancer (no numbers provided).
Excluded if unable to place PEG, inadequate access to follow-up by medical personnel, or refused to
sign consent form.
Total number of patients randomised; n = 115.

Interventions Technique not stated.
Group 1: cefazolin 1 g IV within 30 min of PEG (n = 30);
Group 2: saline placebo IV within 30 min of PEG (n = 31);
Group 3: receiving antibiotics (including cephalosporins, penicillins, quinolones and sulphonamides)
before and during the study which were continued for 24 h post PEG (n = 54).

Outcomes Peristomal infection.
Gastric pH.
Wound cultures.

Sturgis 1996 
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Notes Group 3 excluded from analysis, as not randomised.
Used Jain et al criteria for wound assessment.
Country of origin: USA.

Power calculation not performed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk 'Generated random sequence known only to those in the pharmacy'.

Allocation concealment
(selection bias)

Low risk Pharmacy dispensed 'Identical vials with equivalent volume'.

Blinding (performance
bias and detection bias) 
Blinding patient

Low risk Stated as 'double blind'.

Blinding (performance
bias and detection bias) 
Blinding care provider

Low risk Stated as 'double blind'.

Blinding (performance
bias and detection bias) 
Blinding outcome assessor

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
Drop outs/withdrawals

Low risk No drop outs.

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported.

Baseline imbalance? (Was
the study free of baseline
imbalance?)

Low risk All groups were balanced for age, reasons for PEG, underlying conditions.

Timing of outcome assess-
ment similar in all groups?

Low risk Outcomes in all groups were assessed daily for one week.

Sturgis 1996  (Continued)

Abbreviations
> = more than
± = with or without
ITT = intention-to-treat analysis
IV = intravenous
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Adachi 2002 Not an RCT.

Arrowsmith 1997 Not an RCT but an audit.

Systemic antimicrobial prophylaxis for percutaneous endoscopic gastrostomy (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

30



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study Reason for exclusion

Beales 2003 A critique of two RCTs.

Chowdhury 1996 Not an RCT.

Dormann 2004 Not an RCT but a cohort study that did not investigate the use of antibiotics.

Gawenda 1997 Abstract only: unable to obtain study data via trial authors or full-text article via British Library.

Gopal 2004 Not an RCT.

Horiuchi 2006 All patients received prophylactic and concomitant antibiotics.

Hull 2001 Not an RCT: did not investigate the use of antibiotics.

Jafri 2007 A systematic review. The patient data included were a duplicate of those in the included studies.

Kanie 2000 Examined PEG feeding not placement.

Lee 2002 Not an RCT.

Loser 2000 Not an RCT.

Maetani 2003 A comparison between push and pull methods of placement. Antibiotics were given to all patients.

Maetani 2005 A comparison of the use of an over tube to reduce infection in PEG tube placement. Antibiotics
were given to all patients.

Rey 1998 Not an RCT.

Sharma 2000 A systematic review. The patient data included were a duplicate of those in the included studies.

 

 

D A T A   A N D   A N A L Y S E S
 

Comparison 1.   Systemic antibiotic (IV) compared with placebo

Outcome or subgroup title No. of
studies

No. of partici-
pants

Statistical method Effect size

1 Peristomal infection 8 586 Odds Ratio (M-H, Fixed, 95% CI) 0.34 [0.22, 0.53]

 
 

Analysis 1.1.   Comparison 1 Systemic antibiotic (IV) compared with placebo, Outcome 1 Peristomal infection.

Study or subgroup favours an-
tibiotic (IV)

placebo Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Ahmad 2003 5/46 13/48 16.34% 0.33[0.11,1.01]

Jain 1987 2/27 9/28 11.79% 0.17[0.03,0.87]

Jonas 1985 5/17 5/16 5.24% 0.92[0.21,4.05]

favours antibiotic (IV) 10000.001 100.1 1 favours placebo
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Study or subgroup favours an-
tibiotic (IV)

placebo Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Panigrahi 2002 5/29 7/29 8.35% 0.65[0.18,2.37]

Preclik 1999 7/46 21/47 25.38% 0.22[0.08,0.6]

Saadeddin 2005 5/51 18/48 24.1% 0.18[0.06,0.54]

Shastri 2008 1/47 1/46 1.43% 0.98[0.06,16.12]

Sturgis 1996 4/30 6/31 7.37% 0.64[0.16,2.55]

   

Total (95% CI) 293 293 100% 0.34[0.22,0.53]

Total events: 34 (favours antibiotic (IV)), 80 (placebo)  

Heterogeneity: Tau2=0; Chi2=6.76, df=7(P=0.45); I2=0%  

Test for overall effect: Z=4.76(P<0.0001)  

favours antibiotic (IV) 10000.001 100.1 1 favours placebo

 
 

Comparison 2.   Systemic antibiotic (IV) compared with no intervention

Outcome or subgroup title No. of
studies

No. of partici-
pants

Statistical method Effect size

1 Peristomal infection 3 623 Odds Ratio (M-H, Fixed, 95% CI) 0.30 [0.17, 0.53]

 
 

Analysis 2.1.   Comparison 2 Systemic antibiotic (IV) compared
with no intervention, Outcome 1 Peristomal infection.

Study or subgroup antibiotic (IV) no intervention Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Akkersdijk 1995 5/37 21/63 28.38% 0.31[0.11,0.92]

Dormann 2000 12/106 27/110 49.62% 0.39[0.19,0.82]

Gossner 1999 1/201 8/106 22.01% 0.06[0.01,0.5]

   

Total (95% CI) 344 279 100% 0.3[0.17,0.53]

Total events: 18 (antibiotic (IV)), 56 (no intervention)  

Heterogeneity: Tau2=0; Chi2=2.74, df=2(P=0.25); I2=26.95%  

Test for overall effect: Z=4.15(P<0.0001)  

favours antibiotic (IV) 10000.001 100.1 1 favours placebo

 
 

Comparison 3.   Systemic antibiotic (IV) compared with placebo/no intervention/skin antiseptic

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Peristomal infection 12 1271 Odds Ratio (M-H, Fixed, 95% CI) 0.36 [0.26, 0.50]

2 Allocation concealment 12 1271 Odds Ratio (M-H, Fixed, 95% CI) 0.47 [0.34, 0.65]

2.1 adequate allocation concealment 8 554 Odds Ratio (M-H, Fixed, 95% CI) 0.58 [0.38, 0.88]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2.2 unclear/inadequate concealment 4 717 Odds Ratio (M-H, Fixed, 95% CI) 0.34 [0.21, 0.58]

3 Sponsorship 12 1271 Odds Ratio (M-H, Fixed, 95% CI) 0.36 [0.26, 0.50]

3.1 Trials with no sponsorship 10 962 Odds Ratio (M-H, Fixed, 95% CI) 0.38 [0.25, 0.56]

3.2 Trials with sponsorship 2 309 Odds Ratio (M-H, Fixed, 95% CI) 0.32 [0.18, 0.58]

 
 

Analysis 3.1.   Comparison 3 Systemic antibiotic (IV) compared with
placebo/no intervention/skin antiseptic, Outcome 1 Peristomal infection.

Study or subgroup antibiotic placebo/none/
antisep

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Ahmad 2003 5/46 13/48 9.19% 0.33[0.11,1.01]

Akkersdijk 1995 5/37 21/63 10.89% 0.31[0.11,0.92]

Dormann 2000 12/106 27/110 19.04% 0.39[0.19,0.82]

Gossner 1999 1/201 8/106 8.44% 0.06[0.01,0.5]

Jain 1987 2/27 9/28 6.63% 0.17[0.03,0.87]

Jonas 1985 5/17 5/16 2.95% 0.92[0.21,4.05]

Panigrahi 2002 5/29 7/29 4.69% 0.65[0.18,2.37]

Preclik 1999 7/46 21/47 14.27% 0.22[0.08,0.6]

Radhakrishnan 2006 11/34 9/28 5.41% 1.01[0.35,2.94]

Saadeddin 2005 5/51 18/48 13.55% 0.18[0.06,0.54]

Shastri 2008 1/47 1/46 0.8% 0.98[0.06,16.12]

Sturgis 1996 4/30 6/31 4.14% 0.64[0.16,2.55]

   

Total (95% CI) 671 600 100% 0.36[0.26,0.5]

Total events: 63 (antibiotic), 145 (placebo/none/antisep)  

Heterogeneity: Tau2=0; Chi2=13.24, df=11(P=0.28); I2=16.89%  

Test for overall effect: Z=6.07(P<0.0001)  

favours antibiotic (IV) 5000.002 100.1 1 favours placebo

 
 

Analysis 3.2.   Comparison 3 Systemic antibiotic (IV) compared with placebo/
no intervention/skin antiseptic, Outcome 2 Allocation concealment.

Study or subgroup antibiotics placebo/no
interven

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.2.1 adequate allocation concealment  

Saadeddin 2005 5/51 18/48 15.02% 0.18[0.06,0.54]

Preclik 1999 7/46 21/47 15.82% 0.22[0.08,0.6]

Sturgis 1996 4/30 6/31 4.59% 0.64[0.16,2.55]

Panigrahi 2002 5/29 7/29 5.2% 0.65[0.18,2.37]

Jonas 1985 5/17 5/16 3.27% 0.92[0.21,4.05]

Shastri 2008 1/47 1/46 0.89% 0.98[0.06,16.12]

favours antibiotic (IV) 5000.002 100.1 1 favours placebo
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Study or subgroup antibiotics placebo/no
interven

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Radhakrishnan 2006 11/34 9/28 6% 1.01[0.35,2.94]

Jain 1987 9/27 2/28 1.18% 6.5[1.25,33.7]

Subtotal (95% CI) 281 273 51.97% 0.58[0.38,0.88]

Total events: 47 (antibiotics), 69 (placebo/no interven)  

Heterogeneity: Tau2=0; Chi2=17.84, df=7(P=0.01); I2=60.76%  

Test for overall effect: Z=2.54(P=0.01)  

   

3.2.2 unclear/inadequate concealment  

Gossner 1999 1/201 8/106 9.36% 0.06[0.01,0.5]

Akkersdijk 1995 5/37 21/63 12.07% 0.31[0.11,0.92]

Ahmad 2003 5/46 13/48 10.19% 0.33[0.11,1.01]

Dormann 2000 12/106 21/110 16.42% 0.54[0.25,1.16]

Subtotal (95% CI) 390 327 48.03% 0.34[0.21,0.58]

Total events: 23 (antibiotics), 63 (placebo/no interven)  

Heterogeneity: Tau2=0; Chi2=3.99, df=3(P=0.26); I2=24.72%  

Test for overall effect: Z=4.06(P<0.0001)  

   

Total (95% CI) 671 600 100% 0.47[0.34,0.65]

Total events: 70 (antibiotics), 132 (placebo/no interven)  

Heterogeneity: Tau2=0; Chi2=23.08, df=11(P=0.02); I2=52.34%  

Test for overall effect: Z=4.62(P<0.0001)  

Test for subgroup differences: Chi2=2.36, df=1 (P=0.12), I2=57.56%  

favours antibiotic (IV) 5000.002 100.1 1 favours placebo

 
 

Analysis 3.3.   Comparison 3 Systemic antibiotic (IV) compared with
placebo/no intervention/skin antiseptic, Outcome 3 Sponsorship.

Study or subgroup antibiotics placebo/no
interven

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.3.1 Trials with no sponsorship  

Ahmad 2003 5/46 13/48 9.19% 0.33[0.11,1.01]

Akkersdijk 1995 5/37 21/63 10.89% 0.31[0.11,0.92]

Gossner 1999 1/201 8/106 8.44% 0.06[0.01,0.5]

Jain 1987 2/27 9/28 6.63% 0.17[0.03,0.87]

Jonas 1985 5/17 5/16 2.95% 0.92[0.21,4.05]

Panigrahi 2002 5/29 7/29 4.69% 0.65[0.18,2.37]

Radhakrishnan 2006 11/34 9/28 5.41% 1.01[0.35,2.94]

Saadeddin 2005 5/51 18/48 13.55% 0.18[0.06,0.54]

Shastri 2008 1/47 1/46 0.8% 0.98[0.06,16.12]

Sturgis 1996 4/30 6/31 4.14% 0.64[0.16,2.55]

Subtotal (95% CI) 519 443 66.69% 0.38[0.25,0.56]

Total events: 44 (antibiotics), 97 (placebo/no interven)  

Heterogeneity: Tau2=0; Chi2=12.06, df=9(P=0.21); I2=25.39%  

Test for overall effect: Z=4.77(P<0.0001)  

   

3.3.2 Trials with sponsorship  

Dormann 2000 12/106 27/110 19.04% 0.39[0.19,0.82]

Preclik 1999 7/46 21/47 14.27% 0.22[0.08,0.6]

favours antibiotic (IV) 10000.001 100.1 1 favours placebo
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Study or subgroup antibiotics placebo/no
interven

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 152 157 33.31% 0.32[0.18,0.58]

Total events: 19 (antibiotics), 48 (placebo/no interven)  

Heterogeneity: Tau2=0; Chi2=0.81, df=1(P=0.37); I2=0%  

Test for overall effect: Z=3.78(P=0)  

   

Total (95% CI) 671 600 100% 0.36[0.26,0.5]

Total events: 63 (antibiotics), 145 (placebo/no interven)  

Heterogeneity: Tau2=0; Chi2=13.24, df=11(P=0.28); I2=16.89%  

Test for overall effect: Z=6.07(P<0.0001)  

Test for subgroup differences: Chi2=0.21, df=1 (P=0.65), I2=0%  

favours antibiotic (IV) 10000.001 100.1 1 favours placebo

 
 

Comparison 4.   Systemic antibiotic compared with systemic antibiotic

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Systemic antibiotic (IV) compared with
systemic antibiotic (IV)

1   Odds Ratio (M-H, Fixed, 95% CI) Totals not select-
ed

1.1 Peristomal infection 1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Systemic antibiotic (PEG) compared with
systemic antibiotic (IV)

1   Odds Ratio (M-H, Fixed, 95% CI) Totals not select-
ed

 
 

Analysis 4.1.   Comparison 4 Systemic antibiotic compared with systemic antibiotic,
Outcome 1 Systemic antibiotic (IV) compared with systemic antibiotic (IV).

Study or subgroup cephalosporin (IV) penicillin (IV) Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

4.1.1 Peristomal infection  

Gossner 1999 0/101 1/100 0.33[0.01,8.12]

favours cephalospor (IV) 10000.001 100.1 1 favours penicillin (IV)

 
 

Analysis 4.2.   Comparison 4 Systemic antibiotic compared with systemic antibiotic,
Outcome 2 Systemic antibiotic (PEG) compared with systemic antibiotic (IV).

Study or subgroup cotrimoxazole (PEG) cefuroxime (IV) Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Blomberg 2010 10/116 14/118 0.7[0.3,1.65]

Favours antibiotic (PEG) 5000.002 100.1 1 Favours antibiotic (IV)
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Comparison 5.   Systemic antibiotic (IV) compared with systemic antibiotic (IV) and skin antiseptic

Outcome or subgroup title No. of
studies

No. of partici-
pants

Statistical method Effect size

1 Peristomal infection 1 68 Odds Ratio (M-H, Fixed, 95% CI) 15.78 [1.90, 130.86]

 
 

Analysis 5.1.   Comparison 5 Systemic antibiotic (IV) compared with
systemic antibiotic (IV) and skin antiseptic, Outcome 1 Peristomal infection.

Study or subgroup Systemic an-
tibiotic (IV)

Antibiotic
(IV)/skin anti

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Radhakrishnan 2006 11/34 1/34 100% 15.78[1.9,130.86]

   

Total (95% CI) 34 34 100% 15.78[1.9,130.86]

Total events: 11 (Systemic antibiotic (IV)), 1 (Antibiotic (IV)/skin anti)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.56(P=0.01)  

Favours antibiotic (IV) 5000.002 100.1 1 Favours antibiot /antisep

 
 

Comparison 6.   Skin antiseptic compared with systemic antibiotic (IV) and skin antiseptic

Outcome or subgroup title No. of
studies

No. of partici-
pants

Statistical method Effect size

1 Peristomal infection 1 62 Odds Ratio (M-H, Fixed, 95% CI) 15.63 [1.84, 133.09]

 
 

Analysis 6.1.   Comparison 6 Skin antiseptic compared with systemic
antibiotic (IV) and skin antiseptic, Outcome 1 Peristomal infection.

Study or subgroup Skin antiseptic Antibiotic
(IV)/skin anti

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Radhakrishnan 2006 9/28 1/34 100% 15.63[1.84,133.09]

   

Total (95% CI) 28 34 100% 15.63[1.84,133.09]

Total events: 9 (Skin antiseptic), 1 (Antibiotic (IV)/skin anti)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.52(P=0.01)  

Favours antibiotic (IV) 10000.001 100.1 1 Favours antibiot/antisep
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A P P E N D I C E S

Appendix 1. Search methods used in the second review update (2011)

Electronic searches

For this second update, we searched the following databases:

• Cochrane Wounds Group Specialised Register (searched 16 February 2011);

• The Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 2011, Issue 1);

• Ovid MEDLINE (1950 to February Week 1 2011);

• Ovid MEDLINE (In-Process & Other Non-Indexed Citations February 15, 2011);

• Ovid EMBASE (1980 to 2011 Week 06);

• EBSCO CINAHL (1982 to 11 February 2011)

The search strategies for Ovid MEDLINE, Ovid EMBASE and EBSCO CINAHL can be found in Appendix 3, Appendix 4 and Appendix 5 respec-
tively. The Ovid MEDLINE search was combined with the Cochrane Highly Sensitive Search Strategy for identifying randomised trials in
MEDLINE: sensitivity- and precision-maximizing version (2008 revision); Ovid format. The EMBASE and CINAHL searches were combined
with the trial filters developed by the Scottish Intercollegiate Guidelines Network (SIGN).

The following search strategy was used in CENTRAL and adapted as appropriate for other databases:
1 MeSH descriptor Endoscopy, Gastrointestinal explode all trees
2 percutaneous
3 (#1 AND #2)
4 percutaneous NEXT endoscopic NEXT gastrostom*
5 PEG NEXT (tube* or feed*)
6 peristomal NEAR/5 endoscop*
7 (#3 OR #4 OR #5 OR #6)
8 MeSH descriptor Antibiotic Prophylaxis explode all trees
9 antimicrobial prophylaxis
10 antibiotic* NEAR/5 (prophyla* or prevent*)
11 MeSH descriptor Cephalosporins explode all trees
12 MeSH descriptor Amoxicillin-Potassium Clavulanate Combination explode all trees
13 cefuroxine or ceftriaxone or co-amoxiclav
14 (#8 OR #9 OR #10 OR #11 OR #12 OR #13)
15 (#7 AND #14)

There were no restrictions on the basis of language of publication, date of publication, or publication status.

Searching other resources

We searched the bibliographies of all retrieved and relevant publications identified by these strategies for further studies.

Appendix 2. Ovid MEDLINE search strategy

1 exp Endoscopy, Gastrointestinal/
2 percutaneous.tw.
3 and/1-2
4 percutaneous endoscopic gastrostom$.tw.
5 (PEG adj (tube* or feed*)).tw.
6 (peristomal adj5 endoscop*).tw.
7 or/3-6
8 exp Antibiotic Prophylaxis/
9 antimicrobial prophylaxis.tw.
10 (antibiotic* adj5 (prophyla* or prevent*)).tw.
11 exp Cephalosporins/
12 exp Amoxicillin-Potassium Clavulanate Combination/
13 (cefuroxine or ceftriaxone or co-amoxiclav).tw.
14 or/8-13
15 7 and 14

Appendix 3. Ovid EMBASE search strategy

1 exp Percutaneous Endoscopic Gastrostomy/
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2 (PEG adj (tube$ or feed$)).ti,ab.
3 (peristomal adj5 endoscop$).ti,ab.
4 or/1-3
5 exp Antibiotic Prophylaxis/
6 antimicrobial prophylaxis.ti,ab.
7 (antibiotic$ adj5 (prophyla$ or prevent$)).ti,ab.
8 exp Cephalosporin Derivative/
9 exp Amoxicillin Plus Clavulanic Acid/
10 (cefuroxine or ceftriaxone or co-amoxiclav).ti,ab.
11 or/5-10
12 4 and 11

Appendix 4. EBSCO CINAHL search strategy

S15 S7 and S14
S14 S8 or S9 or S10 or S11 or S12 or S13
S13 TI ( cefuroxine or ceftriaxone or co-amoxiclav ) or AB ( cefuroxine or ceftriaxone or co-amoxiclav )
S12 (MH "Amoxicillin")
S11 (MH "Cephalosporins+")
S10 TI ( antibiotic* N5 prophylaxis or antibiotic* N5 prevent* ) or AB ( antibiotic* N5 prophylaxis or antibiotic* N5 prevent* )
S9TI antimicrobial prophylaxis or AB antimicrobial prophylaxis
S8 (MH "Antibiotic Prophylaxis")
S7 S3 or S4 or S5 or S6
S6 TI peristom* N3 endoscop* or AB peristom* N3 endoscop*
S5 TI (PEG N3 tube* or PEG N3 feed* ) or AB (PEG N3 tube* or PEG N3 feed*)
S4 TI percutaneous endoscopic gastrostom* or AB percutaneous endoscopic gastrostom*
S3 S1 and S2
S2 TI percutaneous or AB percutaneous
S1 (MH "Endoscopy, Gastrointestinal+")

Appendix 5. Risk of bias definitions

1. Was the allocation sequence randomly generated?

Low risk of bias

The investigators describe a random component in the sequence generation process such as: referring to a random number table; using
a computer random number generator; coin tossing; shuffling cards or envelopes; throwing dice; drawing of lots.

High risk of bias

The investigators describe a non-random component in the sequence generation process. Usually, the description would involve some
systematic, non-random approach, for example: sequence generated by odd or even date of birth; sequence generated by some rule based
on date (or day) of admission; sequence generated by some rule based on hospital or clinic record number.

Unclear

Insufficient information about the sequence generation process to permit judgement of low or high risk of bias.

2. Was the treatment allocation adequately concealed?

Low risk of bias

Participants and investigators enrolling participants could not foresee assignment because one of the following, or an equivalent method,
was used to conceal allocation: central allocation (including telephone, web-based and pharmacy-controlled randomisation); sequential-
ly-numbered drug containers of identical appearance; sequentially-numbered, opaque, sealed envelopes.

High risk of bias

Participants or investigators enrolling participants could possibly foresee assignments and thus introduce selection bias, such as alloca-
tion based on: using an open random allocation schedule (e.g. a list of random numbers); assignment envelopes were used without ap-
propriate safeguards (e.g. if envelopes were unsealed or non opaque or not sequentially numbered); alternation or rotation; date of birth;
case record number; any other explicitly unconcealed procedure.
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Unclear

Insufficient information to permit judgement of low or high risk of bias. This is usually the case if the method of concealment is not de-
scribed or not described in sufficient detail to allow a definite judgement, for example if the use of assignment envelopes is described, but
it remains unclear whether envelopes were sequentially numbered, opaque and sealed.

3. Blinding - was knowledge of the allocated interventions adequately prevented during the study?

Low risk of bias

Any one of the following.

• No blinding, but the review authors judge that the outcome and the outcome measurement are not likely to be influenced by lack of
blinding.

• Blinding of participants and key study personnel ensured, and unlikely that the blinding could have been broken.

• Either participants or some key study personnel were not blinded, but outcome assessment was blinded and the non-blinding of others
unlikely to introduce bias.

High risk of bias

Any one of the following.

• No blinding or incomplete blinding, and the outcome or outcome measurement is likely to be influenced by lack of blinding.

• Blinding of key study participants and personnel attempted, but likely that the blinding could have been broken.

• Either participants or some key study personnel were not blinded, and the non-blinding of others likely to introduce bias.

Unclear

Any one of the following.

• Insufficient information to permit judgement of low or high risk of bias.

• The study did not address this outcome.

4. Were incomplete outcome data adequately addressed?

Low risk of bias

Any one of the following.

• No missing outcome data.

• Reasons for missing outcome data unlikely to be related to true outcome (for survival data, censoring unlikely to be introducing bias).

• Missing outcome data balanced in numbers across intervention groups, with similar reasons for missing data across groups.

• For dichotomous outcome data, the proportion of missing outcomes compared with observed event risk not enough to have a clinically
relevant impact on the intervention effect estimate.

• For continuous outcome data, plausible effect size (difference in means or standardised difference in means) among missing outcomes
not enough to have a clinically relevant impact on observed effect size.

• Missing data have been imputed using appropriate methods.

High risk of bias

Any one of the following.

• Reason for missing outcome data likely to be related to true outcome, with either imbalance in numbers or reasons for missing data
across intervention groups.

• For dichotomous outcome data, the proportion of missing outcomes compared with observed event risk enough to induce clinically
relevant bias in intervention effect estimate.

• For continuous outcome data, plausible effect size (difference in means or standardised difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size.

• ‘As-treated’ analysis done with substantial departure of the intervention received from that assigned at randomisation.

• Potentially inappropriate application of simple imputation.

Unclear

Any one of the following.
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• Insufficient reporting of attrition/exclusions to permit judgement of low or high risk of bias (e.g. number randomised not stated, no
reasons for missing data provided).

• The study did not address this outcome.

5. Are reports of the study free of suggestion of selective outcome reporting?

Low risk of bias

Any of the following.

• The study protocol is available and all of the study’s pre-specified (primary and secondary) outcomes that are of interest in the review
have been reported in the pre-specified way.

• The study protocol is not available but it is clear that the published reports include all expected outcomes, including those that were
pre-specified (convincing text of this nature may be uncommon)

High risk of bias

Any one of the following.

• Not all of the study’s pre-specified primary outcomes have been reported.

• One or more primary outcomes is reported using measurements, analysis methods or subsets of the data (e.g. subscales) that were
not pre-specified.

• One or more reported primary outcomes were not pre-specified (unless clear justification for their reporting is provided, such as an
unexpected adverse effect).

• One or more outcomes of interest in the review are reported incompletely so that they cannot be entered in a meta-analysis.

• The study report fails to include results for a key outcome that would be expected to have been reported for such a study.

Unclear

Insufficient information to permit judgement of low or high risk of bias. It is likely that the majority of studies will fall into this category.

6. Other sources of potential bias

Low risk of bias

The study appears to be free of other sources of bias.

High risk of bias

There is at least one important risk of bias. For example, the study:

• had a potential source of bias related to the specific study design used; or

• has been claimed to have been fraudulent; or

• had some other problem.

Unclear

There may be a risk of bias, but there is either:

• insufficient information to assess whether an important risk of bias exists; or

• insufficient rationale or evidence that an identified problem will introduce bias.

W H A T ' S   N E W

 

Date Event Description

30 August 2013 New citation required but conclusions
have not changed

New search, no change to conclusions.

30 August 2013 New search has been performed Third update, one additional trial included (Blomberg 2010).
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H I S T O R Y

Protocol first published: Issue 1, 2006
Review first published: Issue 4, 2006

 

Date Event Description

16 February 2011 New search has been performed Second update, new searches one trial added (Shastri 2008), risk
of bias assessment completed, no change to conclusions

11 November 2008 Amended Contact details updated

8 May 2008 New search has been performed First update, one new trial added (Radhakrishnan 2006), conclu-
sions remain unchanged.

2 May 2008 Amended Converted to new review format.
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